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(54) Semiconductor integrated circuit device for non-contact type IC card 



(57) A semiconductor integrated circuit device for a 
non-contact type IC card equipped with a rectifying cir- 
cuit (16) rectifying a received signal and thus producing 
a power supply voltage is disclosed. A shunt regulator 
(22) is connected between a power supply voltage and 
ground, and controls a shunt resistance. A control cir- 
cuit (23) controls the shunt regulator (22) as follows. 
The shunt resistance gradually decreases when the 



,13 



power supply voltage becomes higher than an upper 
limit of a reference voltage range, and gradually 
increases when the power supply voltage becomes 
lower than a lower limit thereof. The shunt resistance 
remains constant when the power supply voltage falls 
within the reference voltage range. 



FIG.2 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

[0001] The present invention generally relates to semiconductor integrated circuit devices, and more particularly to 
a semiconductor integrated circuit device for a non-contact type IC card supplied with electricity from a reaoYwrite unit. 
[0002] Electricity is supplied from the read/write unit to the non-contact type IC card in an electromagnetic coupling 
10 in which an antenna coil of the readAwrite unit and an antenna coil of the non-contact type IC card are electromagneti- 
cally coupled. In such a formation, electricity obtained in the non-contact type IC card greatly depends on a communi- 
cation distance between the readAwrite unit and the non-contact type IC card and power supplied from the read/write 
unit. 

[0003] In such a kind of non-contact type IC card, it is expected that the distance between the non-contact type IC 
is card and the read/write unit changes during communication and thus electricity supplied to the non-contact type IC card 
changes abruptly. In this case, a fault may occur. For example, the non-contact type IC card may malfunction and data 
may be lost. A failure in communication may also occur. 

[0004] it is thus required that an LSI device used to construct the non-contact type IC card performs the function of 
stabilizing the power supply voltage and avoiding a malfunction and communication error resulting from a variation in 
20 the power supply voltage, and loss of data due to such a malfunction. 

SUMMARY OF THE INVENTION 

[0005] It is an object of the present invention to provide a semiconductor integrated circuit device capable of oper- 
25 ating a non<jontact type IC in a stabilized fashion. 

[0006] A more specific object of the present invention is to provide a semiconductor integrated circuit device for use 
in a non-contact type IC card capable of avoiding various problems resulting from a variation in electricity supplied to 
the IC card. 

[0007] The above objects of the present invention are achieved by a semiconductor integrated circuit device for a 
30 non-contact type IC card equipped with a rectifying circuit rectifying a received signal and thus producing a power sup- 
ply voltage, said device comprising: a shunt regulator which is connected between a power supply voltage and ground 
and controls a shunt resistance; and a control circuit which controls the shunt regulator so that: the shunt resistance 
gradually decreases when the power supply voltage becomes higher than an upper limit of a reference voltage range, 
and gradually increases when the power supply voltage becomes lower than a lower limit thereof; and the shunt resist- 
35 ance remains constant when the power supply vottage falls within the reference voltage range. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Other objects, features and advantages of the present invention will become more apparent from the follow- 
40 ing detailed description when read in conjunction with the accompanying drawings, in which: 

Fig. 1 is a block diagram of a non-contact type IC card system including an LSI device related to the present inven- 
tion; 

Fig. 2 is a circuit diagram of a non-contact type IC card system including a semiconductor integrated circuit device 
45 according to a first embodiment of the present invention; 

Fig. 3 is a circuit diagram of a shunt regulator and a control circuit shown in Fig. 2; 

Fig. 4 is a circuit diagram of a connection switch of the shunt regulator shown in Figs. 2 and 3; 

Fig. 5 is a waveform diagram of an operation of a delay circuit provided in a connection switch of the shunt regulator 

shown in Figs. 2 and 3; 

so Fig. 6 is a circuit diagram of a load switch modulation circuit and a connection switch circuit used in the first embod- 
iment of the present invention; 

Figs. 7, 8 and 9 are waveform diagrams of operations of the first embodiment of the present invention; 
Fig. 10 is a circuit diagram of a second embodiment of the present invention; 

Rg. 1 1 is a flowchart of a power supply vottage stabilizing operation of the second embodim nt of the present 
55 invention; 

Rg. 12 is a circuit diagram of a third embodiment of the present invention; and 

Rg. 13 is a flowchart of a power supply voltage stabilizing operation of the third embodiment of the present inven- 
tion. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0009] A description will now be given, with reference to Fig. 1, of a non-contact type IC card system including an 
LSI device related to the present invention in order to facilitate better understanding of the invention. 

5 [0010] Referring to Fig. 1 , a non-contact type IC card system includes a read/write unit 1 with an antenna coil 2, 
and a non-contact IC card 3 having an antenna coil 4 and an LSI device 5 for a non-contact type IC card. The LSI device 
5 includes a rectifying circuit 6, a data processing circuit 7, and a shunt regulator 8. The rectifying circuit 6 rectifies a 
received signal flowing in the antenna coil 4 and thus produce a power supply voltage VCC. The data processing circuit 
7 includes a CPU, a memory and a logic circuit. The shunt regulator 8 stabilizes the power supply voltage VCC, and 

io includes a shunt resistor 9, and a switch 10 that is turned ON and OFF in response to a shunt control signal applied 
thereto. 

[0011] When the power supply voltage VCC becomes higher than a threshold voltage, the switch 10 of the shunt 
regulator 8 is turned ON, and a shunt current is caused to flow through the shunt resistor 9. Thus, the power supply 
voltage VCC can be reduced to the threshold voltage or lower, so that the power supply voltage VCC can be stabilized. 

15 [0012] However, the LSI device 5 shown in Fig. 1 has the following problems. If the power supply voltage VCC 
becomes lower than the threshold voltage, the shunt regulator 8 cannot forcedly increase the power supply voltage 
VCC. In addition, since the LSI device 5 is equipped with only the single shunt resistor 9, the resistance value of the 
shunt resistor 9 cannot be changed in accordance with a variation in the power supply voltage VCC. Thus, the power 
supply voltage VCC cannot be stabilized efficiently and effectively. 

20 [0013] As a result, it is impossible to avoid a malfunction and communication error resulting from a variation in the 
power supply voltage VCC, and loss of data due to such a malfunction. 

[0014] Fig. 2 is a block diagram of a non-contact type IC card system including an LSI device according to a first 
embodiment of the present invention. In Fig. 2, parts that are the same as those shown in Fig. 1 are given the same 
reference numbers. 

25 [001 5] An LSI device 15 includes a rectifying circuit 1 6, a detector circuit 1 7, a data processing circuit 1 8, an ASK 
(Amplitude Shift Keying demodulation circuit 1 9, a PSK (Phase Shift Keying) modulation circuit 20, a load switch mod- 
ulation circuit 21 , a shunt regulator 22, and a control circuit 23. The antenna coil 1 4 is attached to the LSI device 1 5. 
[001 6] The rectifying circuit 1 6 rectifies a received signal flowing through the antenna coil 1 4 and thus produces the 
power supply voltage VCC. The detector circuit 1 7 detects the received signal flowing through the antenna coil 14 and 

30 thus produces an internal operation clock. The data processing circuit 1 8 includes a CPU, a memory, a logic circuit and 
so on. 

[0017] The ASK demodulation circuit 19 ASK-demodulates the output signal of the rectifying circuit 16, and outputs 
received data to the data processing circuit 1 8. The PSK modulation circuit 20 PSK-modulates transmission data sup- 
plied from the data processing circuit 1 8. The load switch modulation circuit 21 superimposes the modulated transmis- 

35 sion data onto the power supply voftage VCC (transmission carrier). 

[001 8] The shunt regulator 22 stabilizes the power supply voltage VCC. The control circuit 23 produces signals D 
(LSB) to Dn (MSB), which turn ON and OFF connection switches provided in the shunt regulator 22 and connection 
switches provided in the load switch modulation circuit 21 . The connection switch circuit 24 is controlled by a load signal 
LOAD produced by the PSK modulation circuit 20, and controls a supply of the signals D - Dn output by the control cir- 

40 cuit23. 

[001 9] Fig. 3 is a block diagram of the shunt regulator 22 and the control circuit 23. The shunt regulator 22 includes 
shunt resistors 25-0, 25-1 , 25-2 and 25-n. Shunt resistors 25-3 to 25-(n-1 ) provided between the shunt resistor 25-2 and 
the shunt resistor 25-n are not shown for the sake of simplicity. 

[0020] Let RS be the resistance value of the shunt resistor 25-n, the shunt resistors 25-0, 25-1 , 25-2, and 25-(n-1 ) 
45 r spectively have resistance values of RSx2 n , RSX2"" 1 , RSx2°- 2 and RSx2. That is, the shunt resistor 25-k has a resist- 
ance value of RSx2 nk . 

[0021] The shunt regulator 22 further includes connection switch circuits 26-0 - 26-n, to which the output signals 
DO, D1 , D2, .... Dn are respectively applied as switch control signals. The connection switch circuits 26-3 to 26-(n-1) are 
not shown for the sake of simplicity. The shunt resistor 25-k and the connection switch circuit 26-k form a unit shunt reg- 
so ulator. 

[0022] The control circuit 23 is made up of a voltage detection circuit 27, a counter control circuit 28, a clock gen- 
erator 29, a clock selection circuit 30, and a N-bit overflow up/down counter 31 . The voltage detection circuit 27 detects 
how much the power supply voltage VCC deviates from a reference voltage range in which the operation of the circuit 
is stable, and outputs voltage detection signals H3, H2, H1 , L1 , L2 and L3. Table 1 shows the function of the voltage 
55 detection circuit 27. In Table 1 , VH3, VH2, VH1 , VL1 , VL2 and VL3 denote predetermined voltages, and a relationship 
of VH3 > VH2 > VH1 > VL1 > VL2 > VL3 stands. 



3 
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[0023] In the first embodiment of the present invention, the reference voltage range in which the operation is stable 
is b tween the upper limit equal to VH1 and the lower limit equal to VL1 . If the power supply voltage VCC exceeds the 
r ference voltage range between VH1 and VL1 , the power supply voltage VCC is controlled to return thereto. 

20 [0024] The voltage detection circuit 27 includes six voltage detectors. The first voltage detector determines whether 
the power supply voltage VCC is equal to or higher than the voltage VH3. The second voltage detector determines 
wh ther the power supply voltage VCC is equal to or higher than the voltage VH2. The third voltage detector determines 
whether the power supply voltage VCC is equal to or higher than the voltage VH1 . The fourth voltage detector deter- 
mines whether the power supply voltage VCC is equal to or higher than the voltage VL1. The fifth voltage detector 

25 determines whether the power supply voltage VCC is equal to or higher than the voltage VL2. The sixth voltage detector 
determines whether the power supply voltage VCC is equal to or higher than the voltage VL3. 

[0025] The counter control circuit 28 receives the voltage detection signals H1 and L1 output from the voltage 
detection circuit 27, and outputs counter control signals UP and DOWN. Table 2 shows the function of the counter con- 
trol circuit 28. in Table 2, when UP and HOLD are both high (H), HOLD has priority over UP. 

30 



Table 2 
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40 [0026] At the time of sending data, the counter control circuit 28 is controlled by a transmission control signal TC 
output from the data processing circuit 18, and operates so that UP = H, DOWN = L and HOLD = H. 
[0027] The clock generator 30 generates three clocks CLK1 , CLK2 and CLK3 of different frequencies fcu<i, fci_K2 

and fa_K3 ( f CLK1 > f CLK2 > f CLK3>- 

[0028] The clock selection circuit 30 selects one of the clocks CLK1 , CLK2 and CLK3. Table 3 shows the function 
45 of the clock selection circuit 30. 
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Table 3 (continued) 
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[0029] Thus, the relationship between the voltage value of the power supply voltage VCC and the clock selected by 
the clock selection circuit 30 is as shown in Table 4. 

Table 4 



15 



20 



VCC 


Selected clock 


VCC&VH3 


CLK1 


VH3sVCCsVH2 


CLK2 


VH2sVCC>VH1 


CLK3 


VH1sVCC>VL1 




VL1>VCCsVL2 


CLK3 


VL2>VCCsVL3 


CLK2 


VL3>VCC 


CLK1 



[0030] The count operation of the N-bit overflow up/down counter 31 is controlled by the counter control signals UP, 
25 DOWN and HOLD output by the counter control circuit 28. The counter 31 counts the clock selected by the clock selec- 
tion circuit 30, and outputs the count values DO (LSB), D1, D2, Dn (MSB) as the output signals of the control circuit 
23. 

[0031] Table 5 shows the function of the N-bit overflow up/down counter 31. When the counter 31 overflows in the 
up or down count operation, the counter 31 stops counting. 

30 
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40 [0032] Fig. 4 is a circuit diagram of the connection switch circuit 26-k (k = 1 , 2 n). The connection switch circuit 

26-k includes a delay circuit 32-k, which includes inverters 33- and 34-k and delays an output signal Dk of the control 
signal 23. The inverter 33-k is made up of a P-channel MOS (pMOS) transistor 35-k and an N-channel MOS (nMOS) 
transistor 36-k. The inverter 34-k is made up of a P-channel MOS transistor 37-k and an N-channel MOS transistor 38- 
k. The connection switch circuit 26-k further includes an N-channel MOS transistor 39-k which acts as a connection 

45 switch. 

[0033] When the output signal Dk of the control signal 23 is H (high level), the output of the inverter 33-k is L (low 
level), and the output of the inverter 34-k is H. Thus, the nMOS transistor 39-k is turned ON. In contrast, when the output 
signal Dk is L, the output of the inverter 33-k is H, and the output of the inverter 34-k is L Thus, the nMOS transistor 
39-k is turned OFF. Thus, the magnitude of regulation by the shunt regulator 22 is determined by the output signals DO 

so - Dn of the control circuit 23. 

[0034] In the first embodiment of the present invention, the gate width of the nMOS transistor 36-k is narrower than 
that of the nMOS transistor 38-k. Thus, the current driving ability (pull-down ability) of the nMOS transistor 36-k is less 
than that the current driving ability (pull-down ability) of the nMOS transistor 38-k. That is, the delay time of the inverter 
33-k with respect to the rising edge of the output signal Dk of the control circuit 23 is designed to be equal to (ta + tc) 

55 where ta is the delay time of the inverter 34-k with respect to the rising edge of the output signal S33-k of the inverter 
33-k. 

[0035] The gate width of the pMOS transistor 37-k is narrower than that of the pMOS transistor 35-k. Thus, the cur- 
rent driving ability (pull-down ability) of the pMOS transistor 37-k is less than the current driving ability (pull-down ability) 



BNSOCCID: <EP 108921 7A1J_> 



\ 



EP 1 089 217 A1 

of the pMOS transistor 35-k. That is, the delay time of the inverter 34-k with respect to the falling edge of the output sig- 
nal S33-k of the inverter 33-k is designed to be equal to (tb + td) where tb is the delay time of the inverter 33-k with 
respect to the falling edge of the output signal Dk of the control circuit 23. 

[0036] Fig. 5 is a waveform diagram of the operation of the delay circuit 32-k. Part A of Fig. 5 shows the waveform 
5 of the output signal Dk of the control circuit 23, and part B shows the output signal S33-k of the inverter 33-k. Further, 
part C of Fig. 5 shows the waveform of the output signal s34-k of the inverter 34-k. That is, the delay time of the delay 
circuit 32-k with respect to the rising edge of the output signal Dk of the control circuit 23 is equal to ( ta + tb + tc + td ). 
The delay time of the delay circuit 32-k with respect to the falling edge of the output signal Dk of the control circuit 23 is 
equal to (ta + tb). in the delay circuit 32-k, the delay time of the rising edge of the output signal Dk of the control circuit 
w 23 is longer than that with respect to the falling edge thereof. 

[0037] The reason why the delay time of the rising edge of the output signal Dk of the control signal 23 is set longer 
than the delay time of the falling edge thereof is to avoid a particular situation in which, when the output signals DO - Dn 
includes an output signal changing from H to L and another output signal changing from L to H, these signals are simul- 
taneously H. 

is [0038] Fig. 6 is a circuit diagram of the load switch modulation circuit 21 and the connection switch circuit 24 shown 
in Fig. 2. There are illustrated load resistors 40-0, 40-1 , 40-2 and 40-n. Load resistors 40-3 - 40-(n-1 ) are omitted from 
Fig. 6 for the sake of simplicity. There are also illustrated connection switch circuits 41-0, 41-1, 41-2 and 41 -n. Connec- 
tion switch circuits 41 -3 - 41 -(n-1 ) are omitted from Fig. 6 for the sake of simplicity. The load resistors 40-0, 40-1 , 40-2 
and 40-n are supplied with the output signals DO, D1 , D2 and Dn of the control circuit 23 as the switch control signals. 

20 [0039] Let RL be the resistance value of the load resistor 40-n. The resistance values of the load resistors 40-0, 40- 
1 , 40-2 and 40-(n-1 ) are respectively RLx2 n , RL^" -1 , RLX2 0 " 2 and RLx2. That is, the load resistor 40-k has a resistance 
value of RL^^* 

[0040] In Fig. 6, there are illustrated connection switches 42-0. 42-1 , 42-2 and 42-n, which are turned ON and OFF 
by the load signal LOAD. When the load signal LOAD is H (at the time of sending data), the connection switches are 
25 ON. When the load signal LOAD is L (at the time of receiving data), the connection switches are OFF. Connection 
switches 42-3 - 42-(n-1) are not shown in Fig. 6 for the sake of simplicity. 

[0041] In the non-contact type IC card system thus configured, the read/write unit 1 1 and the non-contact type IC 
card 13 communicate with each other by electromagnetically coupling the antenna coil 12 of the read/write unit 1 1 and 
the antenna coil 14 of the non-contact type IC card 13. 
30 [0042] The rectifying circuit 1 6 shown in Fig. 2 rectifies the received signal from the antenna coil 1 4 and thus pro- 
duces the power supply voltage VCC, which is applied to the blocks as shown in Fig. 2. 

[0043] For example, as shown in Fig. 7, if the power supply voltage VCC changes to a voltage VA between VH1 - 
VH2 due to a certain factor, the voltage detection signals H3, H2, H1 , L1 , L2 and L3 output by the voltage detection cir- 
cuit 27 are as follows: 

35 

H3=L, H2 = I_H1 =H, 
L1 = H, L2 = H, L3 = H. 

40 Thus, the counter control signals UP, DOWN and HOLD output by the counter control circuit 28 are as follows: 

UP = H, DOWN = L, HOLD = L. 

Thus, the N-bit overflow up/down counter 31 is instructed to act as the up counter, and the clock selection circuit 30 
45 selects the clock CLK3 of the lowest frequency. The selected clock CLK3 is applied to the up/down counter 31 . 

[0044] Thus, the up/down counter 31 counts up in synchronism with the clock CLK3 and the output signals DO - Dn 
serially increment from the current value. Thus, the shunt resistance value of the shunt regulator 22 is gradually 
reduced, and the power supply voltage VCC gradually drops from the voltage value VA. 

[0045] When the power supply voltage VCC drops to the voltage VH 1 , the voltage detection signals H3, H2, H1 , L1 , 
so 12 and L3 of the voltage detection circuit 27 become as follows: 

H3 = L, H2 = L, H1 =L 

L1 = H, L2 = H, L3 = H. 

55 

Thus, the counter control signals UP, DOWN and HOLD output from the counter control circuit 28 become as follows: 

UP = H, DOWN = L, HOLD = H. 



6 
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Thus, the N-bit overflow up/down counter 31 is instructed to be in the hold state. 

[0046] Therefore, as long as the power supply voltage VCC falls within the reference voltage range between VH1 
and VL1, the shunt regulator 22 controls the power supply voltage VCC to maintain the current power supply voltage 
VCC. 

5 [0047] Also, as shown in Fig. 8, the power supply voltage VCC becomes equal to a voltage VB between VL1 and 
VL2 due to a certain factor, the voltage detection signals H3, H2, H1 , L1 , l_2 and L3 output by the voltage detection cir- 
cuit 27 are as follows: 

H3 = L, H2 = L, H1 =L, 

10 

L1 = L, L2 = H, L = H. 

Thus, the counter control signals UP, DOWN and HOLD output by the counter control circuit 28 are as follows: 

75 UP = L, DOWN = H, HOLD = L. 

Thus, the N-bit overflow up/down counter 31 is instructed to act as the down counter, and the clock selection circuit 30 
selects the clock CLK3 of the lowest frequency. The selected clock CLK3 is applied to the up/down counter 31 , 
[0048] Thus, the up/down counter 31 counts down in synchronism with the clock CLK3 and the output signals DO - 
20 Dn serially decrement from the current value. Thus, the shunt resistance value of the shunt regulator 22 is gradually 
increased, and the power supply voltage VCC gradually rises from the voltage value VA. 

[0049] When the power supply voltage VCC increases to the voltage VL1 , the voltage detection signals H3, H2, H1 , 
L1 , L2 and L3 of the voltage detection circuit 27 become as follows: 

25 H3 = U H2 = L, H1 = L 

L1 = H, L2 = H, L3 = H. 

Thus, the counter control signals UP, DOWN and HOLD output from the counter control circuit 28 become as follows: 

3D 

UP = H, DOWN = L, HOLD = H. 
Thus, the N-bit overflow up/down counter 31 is instructed to be in the hold state. 

[0050] Therefore, as long as the power supply voltage VCC falls within the reference voltage range between VH1 
35 and VL1, the shunt regulator 22 controls the power supply voltage VCC to maintain the current power supply voltage 
VCC. 

[0051] For example, if the pMOS transistors 35-k and 37-k and the nMOS transistors 36-k and 38-k shown in Fig. 
4 have an identical size so that the pMOS transistors 35-k and 37-k have an identical current driving ability and the 
nMOS transistors 36-k and 38-k have an identical driving ability, the delay circuit 32-k operates so that the delay time 
40 of the rising edge of the output signal Dk is equal to the delay time of the falling edge thereof. 

[0052] In the above case, if the nMOS transistors 39-0 - 39-n acting as the connection switches include a switch 
changing from ON to OFF and another switch changing from OFF to ON, a period may occur during which the above 
switches are simultaneously ON. 

[0053] For example, as shown in Fig. 7, when the output signals DO - D2 of the control circuit 23 changes from H 
45 to L f and the output signal D3 changes from L to H, a period may occur during which the nMOS transistors 39-0 - 39-3 
are simultaneously ON. In the above case, if the power supply voltage VCC drops by a voltage level aV for every cycle 
of the clock CLK3, the power supply voltage VCC rapidly drops by 8aV from the voltage at that time. 
[0054] Also, for example, if the output signals DO - D3 change from H to L and the output signal D4 changes from 
L to H, a period may occur during which the nMOS transistors 39-0 - 39-4 are simultaneously ON. In the above case, 
so the power supply voltage VCC rapidly drops by 1 6ocV from the voltage at that time. 

[0055] For example, if the power supply voltage VCC becomes dose to the upper limit VH1 of the range between 
VH1 and VL1 and abruptly drops greatly, the low-voltage detection circuit in the data processing circuit 1 8 detects a sit- 
uation in which the power supply voltage VCC decreases to the given low voltage or lower. Thus the CPU is inhibited 
from accessing the memory, so that an abnormality occurs in communication. 
55 [0056] For example, as shown in Fig. 8, if the output signals DO - D3 change from L to H and the output signal D4 
changes from H to L, a period may occur during which the nMOS transistors 39-0 - 39-4 are simultaneously ON. In the 
above case, if the power supply voltage VCC increases by aV for every cycle of the clock CLK3, the power supply volt- 
age VCC rapidly drops by 15aV from the voltage at that time. 



BNSDOCID: <EP 1 08921 7A1J_> 



EP1 089 217 A1 



[0057] For example, when the output signals DO - D2 of the control circuit 23 changes from L to H, and the output 
signal D3 changes from H to L, a period may occur during which the nMOS transistors 39-0 - 39-3 are simultaneously 
ON. In the above case, the power supply voltage VCC rapidly drops by 7ctV from the voltage at that time. 
[0058] For example, if the power supply voltage VCC becomes close to the upper limit VL1 of the range between 
5 VH1 and VL1 and abruptly drops greatly, the low-voltage detection circuit in the data processing circuit 18 detects a sit- 
uation in which the power supply voltage VCC decreases to the given low voltage or lower. Then the CPU is inhibited 
from accessing the memory, so that an abnormality occurs in communication. 

[0059] With the above in mind, the LSI device 15 of the first embodiment of the present invention is configured so 
that the delay circuit 32-k forming the connection switch circuit 26-k of the shunt regulator 22 operates in such a manner 

10 that the delay time of the rising edge of the output signal Dk is longer than the falling edge thereof. With the above struc- 
ture, it is possible to avoid a situation in which, when the nMOS transistors 39-0 - 39-n respectively forming the connec- 
tion switch circuits 26-0 - 26-n includes a connection switch changing from ON to OFF and another connection switch 
changing from OFF to ON, these connection switches are simultaneously ON so that the power supply voltage VCC 
abruptly drops greatly during the process of returning the power supply voltage VCC to the reference voltage range 

15 b tween VH1 and VL1. 

[0060] For example, as shown in Fig. 9, if the power supply voltage increases to a voltage VC higher than the volt- 
age VH3 due to a certain factor, the voltage detection signals H3, H2, H1 , L1 , L2 and L3 of the voltage detection circuit 
27 b come as follows: 

20 H3 = H, H2 = H, H1 =H 

L1 = H f L2 = H, L3 = H. 

Thus, the counter control signals UP, DOWN and HOLD output from the counter control circuit 28 become as follows: 

25 

UP = H, DOWN = L, HOLD = L. 

Thus, the N-bit overflow up/down counter 31 is instructed to act as the up counter, and the clock selection circuit 30 
selects the clock CLK1 of the highest frequency, which is applied to the N-bit overflow up/down counter 31 . 
30 [0061] Thus, the up/down counter 31 counts up in synchronism with the clock CLK1, and the output signals DO - 
Dn thereof increment. Thus, the shunt resistance value of the shunt regulator 22 gradually reduces from a certain value, 
and the power supply voltage VCC gradually decreases from the voltage VC. 

[0062] When the power supply voltage VCC drops to the voltage VH3, the voltage detection signals H3, H2, H1 , L1 , 
L2 and L3 of the voltage detection circuit 27 become as follows: 

35 

H3 = L, H2=H,H1=H 
L1 = H, L2 = H, L3 = H. 

40 Thus, the dock selection circuit 30 selects the clock CLK2 of the frequency lower than that of the clock CLK1 . The clock 
CLK2 thus selected is applied to the N-bit overflow up/down counter 31 . Thus, the power supply voltage VCC decreases 
at a speed slower than that at which the power supply voltage VCC drops from VC to VH3 with period T1 . 
[0063] When the power supply voltage VCC drops to the voltage VH2, the voltage detection signals H3. H2, H1 , L1 , 
L2 and L3 of the voltage detection circuit 27 become as follows: 

45 

H3=L, H2=L, H1 =H 
L1 =H, L2 = H,L3 = H. 

so Thus, the clock selection circuit 30 selects the clock CLK3 of the frequency lower than that of the dock CLK2. The clock 
CLK3 thus selected is applied to the N-bit overflow up/down counter 31 . Thus, the power supply voltage VCC drops at 
a speed slower than that at which the voltage VCC drops from VH3 to VH2 with a period T2. 

[0064] When the power supply voltage VCC decreases to the voltage VH1 , the voltage detection signals H3, H2, 
H1 , L1 , L2 and L3 of the voltage detection circuit 27 become as follows: 

55 

H3 = L, H2 = L, HI = L 
L1 =H, L2 = H,L3 = H. 
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Thus, the counter control signals UP, DOWN and HOLD output from the counter control circuit 28 become as follows: 

UP = H, DOWN = L, HOLD = H. 

5 Thus, the N-bit overflow up/down counter 31 is instructed to be in the hold state. 

[0065] Thus, as long as the power supply voltage VCC falls within the range between VH1 and VL1 , the shunt reg- 
ulator 22 controls the power supply voltage VCC so that the current power supply voltage VCC is maintained. 
[0066] In case where the clocks CLK2 and CLK3 are not used, and only the clock CLK1 of the highest frequency is 
used, the voltage detection signals H3 - H1 and Li - L3 changes too fast, and the power supply voltage VCC which 

w becomes close to the reference voltage range between VH1 and VL1 will fluctuate during the process of returning VCC 
to the range. Thus, it is difficult to return the power supply voltage VCC to the reference voltage range between VH1 
and VL1 in stable fashion. 

[0067] With the above in mind, according to the first embodiment of the present invention, the clock CLK1 of the 
highest frequency is used in the case where the power supply voltage VCC exceeds the reference voltage range 

15 between VH3 and VL3 and is far away from the reference voltage range between VH1 and VL1 because there is no 
possibility that the power supply voftage VCC may fluctuate. By using the clock CLK1 of the highest frequency, it is pos- 
sible to rapidly return the power supply voltage to the voltage range between VH3 and VL3. If the power supply voltage 
VCC is lower than the range between VH3 - VL3 and is equal to or higher than the range between VH2 and VL2, the 
clock CLK2 of the frequency lower than that of the clock CLK1 is selected to return the voltage VCC to the range 

20 between VH2 and VL2. If the power supply voltage VCC is lower than the range between VH2 and VL2 and is equal to 
or higher than the range between VH1 and VL1 , the clock CLK3 of the lowest frequency is selected. Thus, the power 
supply voltage VCC can be rapidly returned to the reference voltage range between VH1 and VL1 in stable fashion as 
a whole. 

[0068] As described above, according to the first embodiment of the present invention, it is possible to return the 
25 power supply voltage VCC to the reference voltage range between VH1 and VL1 even if the power supply voltage 
becomes higher than the upper limit voltage VH1 or lower than the lower limit voltage VL1 due to a certain factor. 
[0069] In the first embodiment of the present invention, the resistance value of the shunt regulator 25-k of the shunt 
regulator 22 is (constant value) x 2 nk , and the connection switch circuits 26-0 - 26-n are supplied with the output signals 
DO - Dn of the N-bit overflow up/down counter 31 . Thus, the shunt regulator 22 is controlled so that the shunt resistance 
30 value gradually decreases if the power supply voltage VCC is higher than the upper limit VH1 of the reference voltage 
range between VH1 and VL1, and gradually increases if VCC is lower than the lower limit VL1. Thus, "rt is possible to 
rapidly return the power supply voltage VCC to the reference voltage range between VH1 and VL1 while the magnitude 
of regulation is approximately constant 

[0070] Further, according to the first embodiment of the present invention, the delay circuit 32-k forming the con- 
35 nection switch circuit 26-k of the shunt regulator 22 is configured so that the delay time of the rising edge of the output 
signal Dk of the control circuit 23 is longer than that of the falling edge thereof. It is thus possible to avoid occurrence of 
a period such that, when the nMOS transistors 39-0 - 39-n respectively forming the connection switch circuits 26-0 - 26- 
n includes a connection switch changing from ON to OFF and another connection switch changing from OFF to ON, 
these connection switches are simultaneously ON and to thus prevent the power supply voltage VCC from abruptly 
40 dropping greatly during the process of returning the power supply voltage VCC to the reference voltage range between 
VH1 and VL1 . As a result, abnormality in communication can be avoided. 

[0071] According to the first embodiment of the present invention, the three clocks CLK1 , CLK2 and CLK3 of the 
different frequencies are selectively used. Thus, even if the power supply voltage VCC greatly changes, it is possible to 
rapidly return the power supply voltage VCC to the reference voltage range between VH1 and VL1 in stable fashion. It 
45 is thus possible to obtain the stable power supply environment and avoid a malfunction and communication error result- 
ing from a variation in the power supply voltage VCC, and loss of data due to such a malfunction. 
[0072] A description will now be given, with reference to Figs. 10 and 1 1 , of a second embodiment of the present 
invention. In these figures, parts that are the same as those shown in the previously described figures are given the 
same reference numbers. 

so [0073] Referring to Fig. 1 0, a selector 44 controlled by a CPU 43 is interposed between the control circuit 23 and 
the shunt regulator 22. The other portions of the circuit shown in Fig. 10 are the same as those of the circuit shown in 
Fig. 2. 

[0074] The selector 44 has switches 45-0 - 45-n although only switches 45-0, 45-1 , 45-2 and 45-n are illustrated for 
the sake of simplicity. The switch 45-k selects the output signal Dk from the control circuit 23 when a selector control 
55 signal SC output by the CPU 43 is H. The output signal Dk thus selected is supplied to the connection switch circuit 26- 
k. When the selector control signal SC is L, the switch 45-k selects a switch control signal Ek output by the CPU 43. The 
switch control signal Ek thus selected is supplied to the connection switch circuit 26-k. 

[0075] Fig. 1 1 is a flowchart of a power supply voltage stabilizing operation performed in the second embodiment 
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of the present invention. A communication between the read/write unit 1 1 and the non-contact type IC card of the sec- 
ond embodiment of the present invention starts (step S1), the control circuit 23 starts to control the shunt regulator 22 
(step S2). When the stabilization of the power supply voltage VCC by the control circuit 23 is completed (step S3), the 
CPU 43 starts to control the shunt regulator 22 (step S4). 
5 [0076] The communication distance between the read/write unit 11 and the second embodiment non-contact type 
IC card and the amount of power supplied from the read/write unit 1 1 are known. When the communication distance 
and the amount of power are constant, the only factor which changes the power supply voltage VCC is current con- 
sumed in the individual circuits, according to the second embodiment of the invention. 

[0077] Thus, it is possible for the CPU 43 to acknowledge the operating states of the individual circuits by comput- 
io Ing the currents consumed in the Individual circuits beforehand. Thus, the shunt regulator 22 can be controlled by soft- 
ware utilizing hardware resources such as the CPU 43 and the memory. 

[0078] According to the second embodiment of the present invention, it is possible to obtain the same functions and 
effects as those of the first embodiment thereof and further obtain an additional advantage in which the LSI device 1 5 
can cope with an abrupt change of the power supply voltage VCC caused when a large number of individual circuits 
is simultaneously start to operate. Furthermore, when the CPU 43 starts to 

[0079] control the shunt regulator 22 and then disables the control circuit 23, it is possible to reduce power con- 
sumption and noise. 

[0080] A description will now be given, with reference to Figs. 12 and 13, of a third embodiment of the present 
invention. Referring to Fig. 1 2, shunt regulators 49, 50 and 51 are respectively provided to individual circuits 46, 47 and 

20 48 such as encryption circuits and communication modules included in the data processing circuit 18. The shunt regu- 
lators 49, 50 and 51 are controlled by the CPU 43. The other parts of the LSI device according to the third embodiment 
of the present invention are the same as those of the LSI device 15 according to the first embodiment thereof. 
[0081] The shunt regulator 49 includes a shunt resistor 52 and a connection switch 53, which is turned ON and OFF 
by a shunt control signal F1 output by the CPU 43. The shunt regulator 49 is configured so that, when the connection 

25 switch 53 is ON, the same amount of shunt current as that of current flowing through the circuit 46 in the operating mode 
flows in the shunt regulator 49. 

[0082] The shunt regulator 50 includes a shunt resistor 54 and a connection switch 55, which is turned ON and OFF 
by a shunt control signal F2 output by the CPU 43. The shunt regulator 50 is configured so that, when the connection 
switch 55 is ON, the same amount of shunt current as that of current flowing through the circuit 47 in the operating mode 

30 flows in the shunt regulator 50. 

[0083] The shunt regulator 51 includes a shunt resistor 56 and aconnection switch 57, which is turned ON and OFF 
by a shunt control signal F3 output by the CPU 43. The shunt regulator 51 is configured so that, when the connection 
switch 57 is ON, the same amount of shunt current as that of current flowing through the circuit 48 in the operating mode 
flows in the shunt regulator 51 . 

35 [0084] Fig. 14 is a flowchart of a power supply voltage stabilizing operation according to the third embodiment of 
the present invention. A communication between the read/write unit 1 1 and the non-contact type IC card of the second 
embodiment of the present invention starts (step P1 ), the control circuit 23 starts to control the shunt regulator 22 (step 
P2). In this case, the shunt regulators 49 - 51 are controlled to be operable. When the stabilization of the power supply 
voltage VCC by the control circuit 23 is completed (step P3), the CPU 43 starts to control the shunt regulators 49 - 51 

40 as necessary (step S4). 

[0085] According to the third embodiment of the present invention, it is possible to obtain the same functions and 
effects as those of the first embodiment thereof and further obtain an additional advantage in which the LSI device 1 5 
can cope with an abrupt change of the power supply voltage VCC caused when the circuits 46 - 49 simultaneously start 
to operate because the shunt regulators 49 - 51 are respectively provided to the circuits 46 - 49. Thus, a further stabi- 
45 liz d power supply voltage is available. Furthermore, there is no need for computation for controlling the shunt regulator 
22 p rformed in the second embodiment of the present invention, so that the control of the shunt regulator 22 can be 
simplified. 

[0086] The present invention is not limited to the specifically disclosed embodiments of the present invention, and 
variations and modifications can be made without departing from the scope of the present invention. 

so 

Claims 

1 - A semiconductor integrated circuit device for a non-contact type IC card equipped with a rectifying circuit rectifying 
a received signal and thus producing a power supply voltage, said device comprising: 

55 

a shunt regulator which is connected between a power supply voltage and ground and controls a shunt resist- 
ance; and 

a control circuit which controls the shunt regulator so that 
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the shunt resistance gradually decreases when the power supply voltage becomes higher than an upper limit 
of a reference voltage range, and gradually increases when the power supply voltage becomes lower than a 
lower limit thereof; and 

the shunt resistance remains constant when the power supply voltage falls within the reference voltage range. 

5 ... 
2. The semiconductor integrated circuit device as claimed in claim 1 , wherein the shunt regulator comprises first 
through (n+1)th unit shunt regulators connected in parallel, each of the first through (n+1)th unit shunt regulators 
comprising a shunt resistor and a connection switch circuit connected in series. 

io 3. The semiconductor integrated circuit device as claimed in claim 2, wherein a kth unit shunt regulator (k = 1, 2, 

n+1 ) has a resistance value of (a constant value) x z^- k . 

4. The semiconductor integrated circuit device as claimed in claim 3, wherein the connection switch circuit provided 
in each of the unit shunt regulators comprises a connection switch connected in series to the shunt resistor, and a 

15 delay circuit supplying a control signal from the control circuit to the connection switch, the delay circuit being con- 

figured so that a delay time of an edge which turns ON the connection switch is longer than that of another edge 
which turns OFF the connection switch. 

5. The semiconductor integrated circuit device as claimed in claim 3, wherein said control circuit comprises: 

20 

a voltage detection circuit which detects a voltage value of the power supply voltage; 
an N-brt overflow up/down counter; and 

a counter control circuit which instructs the counter to operate as a down counter when the voltage detection 
circuit detects that the power supply voltage is higher than the reference voltage range and instructs the coun- 
ter to operate as an up counter when the voltage detection circuit detects that the power supply voltage is lower 
than the reference voltage range and which instructs the counter to be in a hold state when the voltage detec- 
tion circuit detects that the power supply voltage falls within the reference voltage range, 
connection switch circuits of the first through (n+1)th unit shunt regulators being supplied with output signals 
DO (LSB), Dt , Dn (MSB) of the counter. 

The semiconductor integrated circuit device as claimed in claim 3, further comprising a block generator generating 
clocks of different frequencies, and a clock selection circuit which selects one of the clocks of a higher frequency 
as a difference between the voltage value of the power supply voltage and the reference voltage range increases, 
wherein the counter counts said one of the clocks 

The semiconductor integrated circuit device as claimed in claim 1 , further comprising a load switch modulation cir- 
cuit that superimposes modulated transmission data onto the power supply voltage, said load switch modulation 
circuit being controlled by a switch control signal output by said control circuit and used to control the shunt regu- 
lator. 

40 

8. The semiconductor integrated circuit device as claimed in claim 7, wherein said load switch modulation circuit com- 
prises first through (n+1 )th unit load switch modulation circuits connected in parallel, each including a load resistor 
and a connection switch circuit connected in series, the connection switch circuits being controlled by the switch 
control signal supplied from the control circuit. 

45 

9. The semiconductor integrated circuit device as claimed in claim 8, wherein the load resistor of a kth unit shunt reg- 
ulator (k = 1, 2, n+1) has a resistance of (constant value) x 2 n+1k . 

10. The semiconductor integrated circuit device as claimed in claim 9, wherein the connection switch circuit provided 
so in each of the unit shunt regulators comprises a connection switch connected in series to the shunt resistor, and a 

delay circuit supplying the switch control signal from the control circuit to the connection switch, the delay circuit 
being configured so that a delay time of an edge which turns ON the connection switch is longer than that of 
another edge which turns OFF the connection switch. 

55 1 1 . Th semiconductor integrated circuit device as claimed in claim 5, further comprising a load switch modulation cir- 
cuit that superimposes modulated transmission data onto the power supply voltage, said load switch modulation 
circuit being controlled by a switch control signal output by said control circuit and used to control the shunt regu- 
lator, wherein: 



25 



so 



35 
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said load switch modulation circuit comprises first through (n+1)th unit load switch modulation circuits con- 
nected in parallel, each including a load resistor and a connection switch circuit connected in series, the con- 
nection switch circuits being controlled by the switch control signal supplied from the control circuit; and 
the output signals DO, D1, Dn are applied, as switch control signals, to the connection switch circuits of the 
5 first through (n+1)th unit load switch modulation circuit 

12. The semiconductor integrated circuit device as claimed in claim 1 , further comprising a controller, and a switch cir- 
cuit which selects one of the control circuit and the controller in order to control the shunt regulator. 

io 1 3. The semiconductor integrated circuit device as claimed in claim 1 2, wherein the controller starts to control the shunt 
regulator after stabilization of the power supply voltage by the control circuit is completed. 

14. The semiconductor integrated circuit device as claimed in claim 1 , further comprising: 

is a plurality of shunt regulators respectively provided to individual circuits which use the power supply voltage, 

each of the plurality of shunt regulators causing a shunt current equal to or approximately equal to a current 
flowing in a corresponding one of the individual circuits to flow therein; and 
a controller controlling the plurality of shunt regulators. 

20 15. The semiconductor integrated circuit device as claimed in claim 14, wherein the controller starts to control the shunt 
regulator after stabilization of the power supply voltage by the control circuit is completed. 

16. A non-contact type IC card comprising: 

25 a rectifying circuit rectifying a received signal via an antenna and thus producing a power supply voltage; and 

a semiconductor integrated circuit device comprising: 

a shunt regulator which is connected between a power supply voltage and ground and controls a shunt resist- 
ance; and 

a control circuit which controls the shunt regulator so that 
30 the shunt resistance gradually decreases when the power supply voltage becomes higher than an upper limit 

of a reference voltage range, and gradually increases when the power supply voltage becomes lower than a 
lower limit thereof; and 

the shunt resistance remains constant when the power supply voltage falls within the reference voltage range. 



40 
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FIG.5 
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FIG.1 1 



START COMMUNICATION BETWEEN READ/WRITE S1 
UNIT 1 1 AND NON-CONTACT TYPE IC CARD USHNG 
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BY CONTROL CIRCUIT 23 
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FIG.13 
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UNIT 11 AND NON-CONTACT TYPE IC CARD USING 
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START TO CONTROL SHUNT REGULATOR 22 
BY CONTROL CIRCUIT 23 (SET SHUNT 
REGULATORS 49—51 TO OPERABLE STATE) 
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END VCC STABILIZATION BY CONTROL CIRCUIT 23 
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